The last decade has seen an increased interest in the study of networks in many fields of science. Examples are numerous, from sociology to biology, and to physical systems such as power grids. Nonetheless, the field of service networks has received less attention. Previous research has mainly tackled the modeling of single service systems and service compositions, often focusing only on studying temporal relationships between services. The objective of this paper is to propose a computational model to represent the various types of relationships which can be established between services systems to model service networks. This work acquires a particular importance since the study of service networks can bring new scientific discoveries on how service-based economies operate at a global scale.
Introduction
Many systems around us can be described by network models, which are structures consisting of nodes connected by edges. The examples available are numerous and range from social networks, to the Internet, to supply chains, and to power grids. The global economy is itself a complex network composed of national economies, which are themselves networks of markets, and markets are also networks of providers, brokers, intermediaries, and consumers.
Understanding how services systems 1 evolve as networks and the risks and gains of different topologies is becoming increasingly critical for society [1] . Vargo et al. [2] , and others, have also perceived that society is moving into a service-dominant system. Nonetheless, our knowledge on global service networks is limited. Understanding the dynamics and laws governing service networks can provide authoritative insights on why and how financial service systems fail. For example, it can explain how the 2007-2012 global financial crisis propagated throughout global service networks. It can also provide scientific grounds for the engineering of efficient and robust service network topologies to resist adverse environments.
While service markets are ubiquitous, the study of service networks did not receive the needed attention. Research has been mainly done from a technical perspective by modeling single services as software components (e.g. Web services [3]). Business process and workflow management have also looked into how services can be composed to form process models by establishing temporal dependencies between services (c.f. [4] ). The goal of the research conducted was not to model service networks as the representation of economic activities, but to model the technical interfaces that need to be in place to integrate information systems to operate in heterogeneous environments.
In [5, 6] we proposed to model service networks by constructing what we call Open Semantic Service Networks (OSSN) . These networks are constructed by accessing, retrieving, and combining information from service systems and relationship models globally distributed. With respect to the modeling of services, we have developed a family of languages named *-USDL (the Unified Service Description Language) [7, 8] to provide computer-understandable descriptions for business services. These languages 2,3,4 allow to formalize business services in such a way that they can be used effectively, for example, for dynamic service outsourcing and automatic service contract negotiation.
Since our previous work yielded suitable computational models to represent service systems, the objective of this paper is to propose a model to represent the various types of relationships which can exist in a service network. The model developed, and called Open Semantic Service Relationship (OSSR) model, is computer-understandable, is represented with semantic Web languages, and defines the main concepts and properties required to established rich semantic relationships between service models. We believe that the importance and expressiveness of relationships has been overlooked in many fields. Gradde and Snehota [9] also believe that existing studies on relationships in the field of business models usually oversimplify business representations. For example, we consider that the simple relations used by other modeling initiatives such Linked Data [10] to interconnect data -using rdfs:subClassOf, owl:EquivalentClass, and owl:sameAs -the relation foaf:knows from FOAF [11] to interconnect people, and the use of rdfs:seeAlso by SIOC [12] to interconnect documents are strict and limited relationships not suitable to connect service systems. Therefore, we developed a multi-layer relationship model which links services via multiple types of connecting perspectives (e.g. participating roles, interconnection level, and involvement strength [13, 14, 15, 9] ) capturing the richness, complexity, and characteristics of services. This goes well beyond the connection of service systems treated simply as unidimensional nodes. This paper is organized as follows. In the next section, we present important definitions and illustrate application domains for service networks to serve as motivation scenarios. Section 3 describes the multi-level relationship model developed to connect service systems. Section 4 describes the evaluation and
